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PREFACE

The United States Navy requested the National Acedemy of Sciences to:
1) assess the adequacy of exlsting data as a basls for determining bio~
logical and ecological effects of an ELF communications system; 2) lden-
tify the effects, If any, that may be of major condern; 3) tdentlfy
critical Inadequacies in the avallable data; and 4) suggest research pro-
Jects desligned to produce needed data. The Committee on Blosphere Effects
of Extremely~-Low~Frequency Radiatlon was appointed by the Academy and
charged with this task. The research project reported here was being
conducted at the same time the Committee was conduc’ , Its review. The
Committee has published its report; readers of both that Committee report
and this research report wlll need to know:what data published In this

research report was avallable to the Committee before completing their
report.

In June 1976 the authors presented to the Committoe an interim report
contalning data for 24 weeks of exposure, but did not have separate plots
for male and female animals. In January 1977 the Committee met In Pensa~-
cola, Florida, and conducted a site Investigation of the project. The
facilities were examined and interviews were conducted with the profes-
sional staff, The authors presented a data supplement to the Committee
contalning plotted data for 53 weeks of exposure, but again, thls data did
not have separate plots by sex. The Interim report and data supplement did
not Include statlistfcal analysis. A two=factor analysls of varlance using
repeated measurements on one of the factors was adapted to the electronic
data handling system and applied to all parameters In the accumulated data
bank that were elither normally distributed or could be transformed to a
normal distribution. Results of this analysls were compiled in the form of
a Statistical Supplement and sent tc the Committee In April 1977. The
Mann=-Whitney U-~Test was subsequently adapted and applied to the parameters
that were not sultable for the analysis of variance. Results of the Mann-
Whitney U-Test were not transmitted to the Commlttoe because they revealed
no signiflicant effects and the Committee was drafting Its final report. The
alectronic data handling system was then modlfied to separate male and
female data for plotting and statistical analysis. Thils analysis provided
the first Indicatlon that a sex-specific effect may have occurred. By thlis
time, the Committee had finlshed Its report; therefore, this preliminary
Information was not transmitted to the Committee. Analysis by sex was then
completed for all parameters and reduced to a format sultable foi publica-
tlon In the present report., Except for a brief summary dellvered at Airlee
House, Virginia, on 3 November to the 1977 International Symposium on the
Biological Effects of Electromagnetic Waves, sponsored by the International
Unlon of Radio Science, this is the flrst pubilcation of these data.
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SUMMARY PAGE
THE PROBLEM

The U.S. Navy has proposed a submarine communicatlons system that
operates at extremely low frequencies. |In order to more thoroughly evalu-
ate the biological and ecological effects which could not be adequately
predicted on the basis of available data In the literature, the Navy
Initiated an in-depth laboratory analysis. Experimental animals were
exposed for iong perlods to electric and magnetic fields similar to or
greater than those that woula . experlienced by man ilving near the anten-
na. Thirty experimental rhesus munkeys were matched with thirty controls
and exposed for one year,

FINDINGS

Although not considered abnormal, the most signlficant finding was
the difference in rate of welght galn between exposed and control males,
The exposed males galned welght at a slightly faster rate than the control
males and at the end of one year were approximately 11% heavier than the
controls, The difference In welght was not accompanied by an increase in
bone length measurements. The linear body measuremerit showing the most
agreement with the growth rate diffarence was chest clrcumference. In the
exposed females serum triglycerides and resplratory quotiant were slightly
lower than In the female controls. There is no Indication that these
findings have, any adverse clinical significance and both gréups of animals
appear qulte healthy.

RECOMMENDAT | ONS

These animals should contlnue to be exposed and the data collactlion
protocn! should concentrate on identlfylng the mechanisms for these effects
so that the long term effects can be predicted . on the basls of physiologli~
cal theory. The sexual specificity of these results suggests that endo-
crine Involvement should be studled extensively.
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INTRODUCT I ON

S-S

Considerable research has been done at this and other laboratories to
determine the physiological and psychophysiological effects of electric and
magnetic fields similar to those that would be present near the antenna of
the U.S. Navy's proposed ELF communizations system. Exposure times have
ranged from a few hours to seven weeks. Most parameters measured did not
appea" to be affected by the ELF fields; r.owever, some parameters did show a
statistical correlation with exposure, but for varlous reasons a flrm cause
and effect relatlionship could not be established. In many cases, the number
of exposed subjects was small and/or the exposure times were short. Although

not conclusive, these findings identified areas for further, more intenslve
Investigation,

ey B e
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One serles of experiments at this laboratory suggested that 1ipid
metabolism might be affected by ELF magnetic flelds. Ten human volunteer -
male subjects were exposed for perfods of one day to a magnetic fleld of i
0.1 mT (one gauss) at 45 Hz (1). Test results were compared for periods o
before, during and after exposure. At different times, five control subjects v
participated In the same experimental protocol except that the fleld gen- {
e2rating colls were not energized. No effects of the field were observed on ;
ECG, wvital sligns, resplratory gas analysis, reaction time, pupiliography, g
scotopic critical flicker frequency, short-term memory, and hand-eye coordi- i
nation, Blood chemittry values were not changed with the exception of serum
triglycerides, which in nine experimental subjects reached a maximum 24 to ’
43 hours after exposure. A similar trend was not seen in the control subjects. :

P IS o)
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Another experlimental serles conducted at our laboratory was deslgned i
to detect changes in operant behavior of rhesus monkeys and squirrel monkeys ‘
exposed to ELF flelds (3-8). These experiments covered a variety of behav- ! r
loral tasks and exposure conditlons but showed no behavioral effects that :
could ba correlated with the fields.
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In December 1973, the Bureau of Medicine and Surgery, Department of the
Navy, convened an ''Ad Hoc Commlittee For the Review of Blomedical and Ecolog- ,
lcal Effacts of ELF Radlation.'" Subsequently, the Blomedical Divislon,
NAMRL, deveiopeu a proposal which complied with and greatly exceeded the D
intent of the prlority la and 1b recommendatlions of this committee. The % i
proposal for chroni¢ enposure of primates to ELF fields was submitted to the ,

. Bureau of Medicine and Surgery on 2 Aprll 1974. The project was approved
) and work began 22 July 1974,

A\

It was antlclpated that approximately 2.5 years would be required to ;
N complete the project. Approximately one year would be requlred to construct !

and/or modify a bullding, design and fabricate apparatus, select exper|-
mental animals, assemble appropriate staff, and procure supplles and equip~
ment. Exposure and data co!lection would cccur during the second year., In
the first half of the thlrd year histopathologlcal and histochemical exami-
nations would follow and a project report prepared. This original estimate
has been reasonably accurate. The bullding was completed 29 September 1975.
During the month of Octobwur the fabricated apparatus, equipment, and supplies
were moved into the bullding and assembled. The field was activated and
exposure began on 27 October 1975.
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PROCEDURE

SUMMARY OF RESEARCH DESIGN AND METRODS

Essential design considerations for this chronic exposure were selec-
tion of animal species, number of animals, iength of exposure, exposure
parameters, and type of data collected.

The rhesus monkey (Macaca mulatta) was selected as the experimental
animal bazcause it is a highly developed species that has heen used in
medical research for many years; therefore, a large amount of physiological
data has been accumulated on this species by the research community. Adult
rhesus were not included because of limited availability and logistical
difficulties assoclated with care and handling of larger and stronger
animals. Using young animals of different sex presented some statistical
difficulties, but these problems were counterbalanced by gaining important
data on growth and development.

In «xperiments of this type, in which subtle effects and trends within
the normal range are vitally important, it is not sufficient for subjects
to serve as their own controls by comparing pre-, per-, and post-exposure
data. In this project each experimental animal was pair-matched to a
control by age, sex, weight, and medical history., All data were taken from
both members of the pair at the same time and under the sam: conditions.

The number of animals in each group was set at 30 because a saiple of
this size usually provides an adequate basis for statistical analysl!s.
Since each «of the 30 experimental animals had a matched control, the groups
were also matched., This arrangement allowed both group-to-group and animal-
to-animal comparison. An exposure time of one year was selected to allow
time for subtle physiological effects to be detected and to provide a
detailed time course for each animal.

The animals in this experiment were iIndividually housed In a sealed
chamber to allow for measurements of oxygen consumption and carbon dioxide
production and to reduce the possiblility of spreading a communicable disease
among the entire group. Blood samples were drawn at Intervals of seven
days for bilochemical analysis., Every sixth week the animals were >laced In
restraint chalrs for seven days. Blood samples taken during restraint were
analyzed for those constituents that were particularly lablie and subject
to the psychophysliological stress normally associated with capture and
manual restraint prior to venlpuncture. At the end of each restraint period,
the animals were glven a comprehensive physical examlnatlon by a veterinarian
experienced In the clinical physiology of rhesus monkeys.
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g The experimental animals were exposed to fields equivalent in waveform
' to those experienced by living organisms, including man, in contact with the
sol)l surface directly above the buried ELF antenna. The magnitude of the

BV SRE SRR W00 S APPSR SR i SN

% magnetic field, 0.2 mT (2 gauss), was ten times greater than the average

?1 field along the ELF antenna. The electric field, 20 V/m, was over 300 times
% greater than at the soll surface above and along the antenna; it was two

g times greater than at the soil surface near the ground terminal. The

 § electric field was applied to the animal via stainless steel bars which
3 formed the walking surface on the floor of the environmental chamber.

|
| The facllity was designed so that elther the north or south wing could
‘ be used to expose experimental animals. Both wings had identical field
generating equipment. When the experimental animals were In position in the
i north wing, the control animals were in corresponding positions in the south
,i wing but only the north wing field grnerating system was energized. These
i

identical systems allowed the two animal groups to be transposed each week,
thus balancing subtle differences In environmental control equipment, data
transducers, recorders, nolse level, vibrations, etc.

T i i Twr il Adaee e e e

The ELF fields were on for 22 hours daily. The other two hcurs were
- - used for feeding, drawing blood, physical examinations, changing cages, and i
' general maintenance activity. The lights in the animal wings were turned on

ot K tan 18

{ at the beginning of this two-hour period and remained on for twelve hours.
i The animals usually consumed their food within six hours after feeding.

f: This factor in animal behavior and the twelve-hour dark perfod immediately
o before drawing blood insured a reasonably good fasting blood sample. At the
end of the two-hour malntenance perliod the anlmal doors were locked and the ;
field restored. : |

Vo i

FV. When the project was originally proposed, it was Intended that half of '

o the experimental and half of the control animals would be sacrificed at the

. end of the exposure period and given an intensive pathological and histo- i
' chemical examination. The remaining animals would be kept for at least two

‘ years and given a complete physical examination quarterly, This part of the

ke protocol was postponed. At the end of one year the clinical data suggested

- that an Immediate pathological examination would reveal very little new

) information. As an alternative It was proposed that all the animals remain

. In position with the same expnsure parameters applied to the experimentals.

! As proposed, the project has been continued; this report Is for the first

year only.

ANIMAL SELECTION, PAIRING, AND RANDOMIZATION _ }

One~hundred and twenty rhesus monkeys were inftially purchased in
September 1974 and placed In quarantine for six weeks. During quarantine ]
each animal was physically examined for evidence of infectious diseases and k
tested for tuberculcsis. The entire group was released from quarantine
after three consecutive negative intrapalpebral tuberculin tests. Blood
samples were then obtained from each animal and a battery of blochem!cal and
hematologlcal tests performed. Means and standard deviations for each
parameter were calculated for the entire group. Animals were excluded from
further consideration if any of their 1ipid values or many of the other
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parameters were not within two standard deviations of the mean of the group.
Complete physical examinations, as described under Clinical Examinatton,
were then accomplished on the remaining monkeys. A total of 47 animals were
deleted for varlious defects or abnormalities within the following categ
hematology, 19; radiography, 8; electrocardiography, 9; dental, 3; death or
chronic 1llness, 5; and miscellaneous, 3. From the remalnihg 73

monkeys, 32 pairs were selected for the project on the basis of sex, age
(dentit[on),,welght, and size. Sixteen pairs of females and fourteen pairs
of males were identified for the project; the other palrs were designated
as alternates. Population data at the time of selection has been developed
as follows: mean age of females, 50.7 months; mean age of males, 43.4
months; mean weight of females, 4.74 kg; and mean welght of males, 6.25 kg.
These data Indicate that the animals were in puberty with the females

closer than the males to maturity. The animals were identified by tattoo
numbers on the chest. The chest numbers for each pair were written on a
small plece of paper and placed in a container. The 30 pieces were then
mixed and withdrawn by 30 consecutive draws. The first draw was labeled
palr number one, the second draw labeled palr number two, and so on with

the last draw labeled pair number thirty. One monkey of each palr was
assigned to the red group or blue group by the flip of a coin and the re-
maining member of the pair was assigned to the opposite group. Red and blue
groups were designated experimental and control by the principal in-
vestigator without the knowledge of the other investigators. Each animal's
pesition and group were thus randomly selected.

ELECTRIC FIELD GENERATING SYSTEM

Experimental and control anirals were housed In sealed plexiglass cham-
bers that used liquid rather than gasket seals. The bottom section of the
chamber shown In Figure | consisted of the feces tray with bars that formed

the walking surface for the animal. The bars were constructed of 1.27 cm

square stainless steel bar-stock and they lay In slots spaced 3.81 cm be-
tween centerlines, The bars rested on thin stainiess stee! strips 3.5 cm
long which bridged the floor of the slots., These strips were then con-
nected by 3900 ohm resistors as shown In Figure 2. The end resistors were
connected to a stainless steel strip which passed down into the trough and
terminated on the outer edge of the feces tray. A current source was con-
nected via these terminations to the network of resistors and an electric
field gradient of 0.76 volts was generated between adjacent bars. An animal
simultaneously contacting two or more bars had a body current similar in
waveform and about six times greater than that which he would experience If
he were in contact with the soil surface near the ground terminals of the ELF
antenna., This body ~zurrent was 300 times greater than would be experienced
along the antenna at points away from the ground terminal, The current
source for this alectric fleld simulator was driven by an amplifier with an
input from the same modulator used for the magnetic fleld generator. Wire
screens as shown in Figure 3 were placed on each side of the animal and
conpected to tne same voltage source that energlzed the resistor network.
These screens created a uniform horizontal electric field similar to that

near the ELF antenna. The electrical schematic for this arrangement is
shown In Figure 4,
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FIGURE 3. Vertlical wire screens were on two sides of the animal chambers .
and were connected to the electric field voltage source. The screens |

created a uniform horizontal electric fleld.
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GENERATING EQUIPMENT

Figure 4, Schematlc of the electric fleld generating system.
An ldentital network of reslstors were at both ands of the
bars so that the net rosistance between bars was actually
formed by two 3900 ohm reslistors In parallel,

e

The electric field distribution In the animal chambers was measured
with the |TT Research Institute high Impedance electric flald probe In
: conjunction with an HP 3581 Wave Analyzer. At four elevations In the
"t chambers measurements were taken near the corners and In the center as
: shown In Table 1. The electric field screens would be on the right and
left. These particular values were recorded at position 30 In the south
wing; however, they are typical of values recorded at other positions.

MAGNETIC FIELD GENERATING SYSTEM

The magnetic fleld generating system was designed to simulate the
magnetic fleld assoclated with an ELF communicatlion system. The current
carrylng conducters were beneath the animal chamber at approximately the
same distance that the burlied cable of the communications system would be
from the soll surface. The fleld directlon was horlzontal In the north-

south d!rection and approximately one order of magnitude higher than In the
ELF communicatlions system.

iy e Y =

T L A —— T

y
N
! i
g
-
yh




A - G e S - - o

:
: j
ﬁ ,
s L6170 16170 #6170 581°0 £0z°0 wd g1
14170 y71°0  9HL-0 £41°0 [41°0 w7y >
£ ) 011°0 6010 [1:°0 3119 ws £9
{i%) uo1Inq1iIsig piai4 d13subey 4
W 075702 ‘054°87  Ol1°6l  Oyi°ZZ 0£6°/2 m 01
: 094 €2 066°/z 059°61  0Z9°5Z 06742 w 7y
3
W 0£8°92Z 0£S 47 000°[1  0SE°8T 011°2Z @ 7§ . “
: 01076 olg"g 080741  0ZZ°Zl 05€°9 ws 69 :
MA {w/A) uciINg1ilsig PI914 51132313
3 12u10) i3u109 12U109 191109
3 iesy Jesy  J93u9) 1404 4 JUGI
. 1yb1y 3331 by 3397
5 NOlilsod 33Y4¥0S SNINTYM
- 3A08Y 1HDI3K
NO11Ng1¥ISIg QI3
i ’ .- 1 319V ;

L = T e s




PR et S L anaiinc e it Ci

- -

The coll system conslisted of three parallel wlre bundles 26 m long.
These bundles were lald in concrete trenches 1.1 m deep and 1.1 m wide
as shown In Figure 5. Eighty~six turns were In the center trench, 48 turns
in the outer trench (right side of Flgure 5) and.38 turns In the Inner
trench (left slde of Flgure 5). The bundles were spaced at 3 m and con-
nected at each end such that the entlire system consisted of a single con-
tinuous copper wire cable wound in the form of two adjacert rectangles with
a long common side. Thae reinforcing steel bars 'n the con¢rete were broken
at Intervals to prevent inductive generation of a secondary current loop
In the steel bars, The trenches were covered with plywood, and a row of
30 animal chambers was placed approximately 1.1 m dlrectiy above the cen-
ter coll as shown in Figure 6. The system generated a fleld of 0.2 mT
(2 gauss) In the chambers and s!multaneously generated a null fleld In the
control chambers placed along a par~1lel line 25.8 m from the experimenta)
chambers., The control chambers wer placed above a coll system ldentlcal
to that which exposed the experimen ' anlmals., These ldentical coll
systems could not be energlzed at i same time; the modulator and ampllfler
were switched to the other coil when cne animals ware transposed. The
group first designated as experimentals retalned that status; they were
merely belng exposed by a different coll system on the opposite slde of
the butlding.

At pseudorandom Intervals Lhe osclllator shiftod between 72 Hz and
80 Hz. At the tlme of the shift the coll system was Instantancously tuned
to the correct frequency. Thls automatic tuning was accompllished by solid
state switching which changad tho value of total capacitance In resonance
wlith the coll system,

The magnetic fleld distribution In the anlmal chambers was measured
with the 11T Rosearch Institute magnetic fleld probe In conjunctlon with a
Hewlett Packard 358) Wave Analyzer. At threec elevatlions, measurements were
taken near the corners and In the center as shown In Table 1. Adjacent
chambers would be on the right and left and the magnetic fleld vector would
be In the horlzontal plane and perpendicular to the row of anfmals., These
partlcular values In Table | were recorded at peslition 30 in the south
wing; however, they arc typlcal of values recorded at other positlions
and for the other field generating system. These values arc approximately
ten tiw s greater than flelds at comparable positions near the ELF antenna.

RESPIRATORY GAS ANALYSIS

The mlddle section of the environmental chamber was opan at the top
and bottom and fits into the external trough of the feces tray. The animal
entered the chamber from the top and was secured by a sheet of plexiglass
In grooves at the top of the middle sectlon. The anlmal's food and water
supply was placed nn thls sheet and dlspensed to the anlmal through appro-
riate channels., A final sectlion similar to an Inverted open box fltted
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FIGURE 5. Colls that generated the magnetic field ware laid in concrete
trenches at the time of bullding construction. Three expansion joints

were vlaced In the concrete walls and floor to prevent secondary current
loops In the steel reinforcing bars.
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Into a trough surroundirg the top part of the middle sectlon. Internal
dimensions of the volume to which the animal was confined were 0.6 m x 0.6 x
0.76 m high, A row of full spectrum 1lghts was dlrectly over the row of
cages. Dlrect light reached the animal after passing through two layers

of plexiglass that were deslgned to pass the full spectrum, '

The chamber was made alrtight by filling the troughs with a sulftable
liquld. Water was in the upper trough and mineral oll was In the lower
trough. A nonconducting fluid was required 'n the lower trough because of
the stalnless steel strips that passed through this liqulid to provide an

electrical connectlon between an outside current source and the inside
bars,

The external environmental control equipment as shown In Figure 7 was
connected to openings In the top and middle sections of the animal chamber
such that the flow of alr was down through the center sactlon, past the
bars, Into the feces tray, and cut. The ventilation system operated elther
as an open system o as a closed recirculating systems |In the open system
mode, room air entered the chamber through a filter and alr leaving the
chamber was exhausted to the atmosphere. The closed system mode was used
to measvra oxygen consumptlon and carbon dlioxide production. In this are
rangement alr leaving the feces tray passed through 2 meters of plastic
pipe to another, but much smaller, sealed chamber. The air was driven by a
fan In this chamber which forced the alr through carbon dioxide
absorbent, a heat exchanger, and back to the top of the animal chamber.

The heat exchanger had a constant flow of 250C water and removed body heat
and heat generated by the reactlons assoclated with carbon dloxide ab-
sorption, Pressure was maintained In the system by allowling pure oxygen

to enter at the same rate that oxygen was removed from the chamber by
the animal’'s metabolic processes,

Oxygen entering the system passed flrst through four stages of regula-
tion and a wet test gas meter. The combined function of the regulators was
to keep the static pressure on the chamber between 2 cm and 4 cm of water
which would not break the llquid seals on the chamber., The wet tust meter
measured oxygen consumption rate by triggering an event recorder at 500 ml
Intervals, The total oxygen consumed was also indlcated by the totalizing
dials on the gas meter, The carbon dloxlide expiration rate was measured for

a 22-hour period by chemical analysis of the absorber to determine the
total amount of carbon dloxide absorbed.

The system was operated In the closed circult mode for a 22~hour per-
lod at seven-day Intervals. It was always the first 22 hours after the an-
imal had been placed In a clean chamber, thus preventing the animal frecin
rebreathing gases evolved from accumulated feces and urine., The re-

malning six days were In the open clrcult mode with ventilation to the
atmosphere.

Approximately 1200 g o¥ carbon dioxide absorber (Sodasorb, W.R. Grace
& Co., Lexington, MA 02173), was welghed, transferred to a permeable bag,
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and positionad In the closed system. After approximately 22 hours, the bag
of absorber was removed and reweighed to obtaln a total welght of the ab-
sorber after exposure to the respliratory gases. A unlform sampie was Im-
mediately removed and stored 1n an air-tight bottle.

Approximately 15 g of the exposed absorber was waighed and transferred
to a 500-ml flask. Fifty milliliters of 50% reagent grade HC| were added to
the flask which was Immedlately connected to a one liter sp!rometer (Warren
E. Colllns, Inc., Braintree, MA). The spirometer was calibrated to mea-
sure the carbon dioxide expelled from the absorber. The flask was maintalned
at 25°C in a constant temperature water bath until all of the carbon di-
oxide had been expelled from the sample. An unexposed sample of absorber
taken before fllling the porous bag was also measured for a blank value.

CLINICAL EXAMINATION AND ROUTINE MONITORING

Members of a matched pair were glven physical examinatlons at the same
time. The examining veterinarian and his staff dld not know which animal
was experimental or control. Electrocardiograms, electroencerphalograms, and
systolic blood pressure (Doppler methnd) were completed ene week before the
vetsrinarian's examination. The vaterlnarlan's examination Included the
following: observation of~ ocular motllity, direct and Indirect pupillary
reflexes, facial muscle tone, locomotor and proprioceptor actlvity, dis=-
position and demeanor; visual and manual examination of- head, face, scalp,
neck, mouth, teeth, throat, extremitles, skin, haircoat, superficlal spine,
and perineal region; direct ophthalmoscopy; otoscopic visuallzatlon of
external auditory canal and nares; palpailon of~ abdomzn, superficlal lymph
nodes, femoral pulse, and Invjuinal canals; auscultation of heart and lungs;
eliclitatlon and evaluation of~ the palmer, plantar, patellar tendon, super-
ficial abdominal, and auditory-palpebral reflexes. Rectal swabs were taken

for bacterlologlc examinatlon, These comprehensive examinatlons were given
at six-week intervals.

In addition to the physical examinatlons, the veterinarlan and his
professional staff performed the following tasks dally: observed blood
collection procedures; visually examined every monkey and chamber; made
notations on estrous cycle phases; reviewed food and water consumption
records; checked welght charts of animnls welghed on that day; inspected
sanitary conditions of the anlmal areas, the examination room, and the
chamber washing areas; and collected bacterliologlical samples on a reg-
ular schedule from all animal associated areas.

BLOOD CHEMISTRY PARAMETERS AND METHODS

Blood samples ware drawn early In the morning with the animals In a
fasting conditlon., Flve milllliters were drawn from the femoral veln using
10~m) disposable syringes with 20 gauge/38-mi1)imeter dlsposable needles.

One mi1111iter to be used for hematology parameters was 'njected into 5~ml
tubes (Venoject, Kimble=Teruno, Inc.) containling 7.5 mg of an antl-coagulant
(EDTA). The remalning blood was transferred to disposable glass test tubes
for coagulation. These tubes were then centrlfuged and the serum transferred
to plastic test tubes whlch were capped and refrigerated untll analysis.
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Excess serum not required for analysis was preserved at -85°C to be used for
nther tests that may be desired at a later time. '

Before the samples were dellvered to the laboratory, the animal's
Identification number was removed from the contalner and replaced by a
control number. A permanent bound record which matched the animal numbers
to the control numbers was kept In a secure safe and was not avallable to
the medical technologists who were analyzing blood samples. This procedure
prevented the medical technologlsts from knowlng which data belonged to an
experimental or a control. The contents of thls permanent record were
entered into an electronic flile system. In the analytical laboratory, the
results of all tests were recorded In permanent bound logs which were
retained In the analytical laboratory. These logs were copied and entered
Into the electronic flle system where the results of each test were matched
to the animal identification numbers and electronically filed according to
animal position, group designation, and date. These data were then avalla-
ble for plotting and statistical analysls.

Unless otherwise Indicated, the serum parameters were analyzed using
the GIlford Model 3500 automated chemistry analyzer (Gilford Instrument
Laboratorles, Inc., Oberlin, Ohlo). Prepared reagents for all but two of
these were obtalned from Worthington Diagnostics, Freehold, New Jersey;
blood urea nitrogen and cholesterol reagents were purchased from Abbott
Laboratories, Pasadena, Callfornla. Two commercially prepared sera were
measured along with the serum samples.

Total Serum Protein

The bluret reaction was employed in which cupric lons react with
protelns In alkaline solution to form a blue-viclet colored complex., A

total protein standard of known proteln concertration was used as a standard
in the GIlford 3500,

Serum Albumin

Albumin was reacted with anionic bromcresol green dye which caused an
Increase In the green color., Thls color was measured at 628 nm and was

directly proportional to the albumin concentration as compared to a serum
albumin standard.

Serum Glutamlc Pyruvic Transaminase (SGPT)

The activity of SGPT s proportional to the rate of a secondary re-
actlon In which NADH is oxidlzed to NAD. The concentration of SGPT was
determined by measuring this rate spectrophotometrically at 340 nm.

Serum Glutamic Oxaloacetic Transaminasy (SGOT)

The activity of SGOT was determined by coupling the reaction It cata-
lyzes to a secondary reaction. In thi, secondary reaction NADH was oxlidized

to NAD, permitting the transaminase actlvity to be determined by the rate of
decrease in absorbance at 340 nm.
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Lactate Dehydrogenase (LDH)

Lactate dehydrogenase catalyzed the conversion of lactate to pyruvate

and NAD to NADH. LDH activity was determined by measuring the increase in
absorbance of NADH measured at 340 nm.

Creatine Phosphokinase (CPK)

and ATP. The ATP thus produced and glucose were converted to ADP and
glucose-6-phosphate by hexokinase In a secondary reaction. In a tertlary

reaction catalyzed by glucose-b6~phosphate dehydrogenase, NAD was reduced to

NADH. The rate of NADH production measured at 340 nm was proportional to
the CPK activity.

Gamma-Glutamyl Transpeptidase {r-GTP)

Y-GTP transferred the gamma-glutamyl giroup from the substrate gamma-

glutamyl=p-nitroanilide to glycylglycine producing free p~nitroaniline which
Enzymatic activity was proportional to the increase in

absorbed at 405 nm,
absorbance at this wavelength.

Phosphohexose Isomerase {PHI)

PHI (glucose phosphate isomerase) catalyzed the lsomerization of
fructose-6-phosphate to glucuse-6-phosphate. The activity of serum PHI
was propurtional to the rate of a secondary reaction in which glucose-6-
phesphate dehydrogenase oxidlized the glucose-b6-phosphate produced in the
first reaction and reduced NAD. The rate of increase in NADH in the
second reaction was a measure of the serum PH| actlivity,

Blood Urea Nitrogen (BUN)

Urease converted urea Intc ammonia and carbon dloxide. Glutamic
dehydrogenase catalyzed the combination of the ammonia with alpha-keto-
glutarate along with the oxlidation of NADH to NAD. The resultant decrease
In absorbance at 340 nm was directly proportional to the concentration of
ammonla which, In turn, was quantitatively related to the concentration of

urea Initlally present. This procedure was based on the comparison of
the unknown samples to BUN standards.

Serum Glucose

In the primary reaction hexokinase catalyzed the phosphorylation of
glucose to glucose-6~phosphate. Glucose-6-phosphate was oxldized and NAD
reduced in the secondary reaction by glucose-6-phosphate dehydrogenase.
Since both reactions were essentially irreversible, the concentrastion of
NADH produced In the secondary reaction, measured at 340 nm, was a direct

measurement of the total glucose present in the serum sample when compared
to a glucose standard.

T \ : T T P S PR N ¥ A v
R A S T I A e . N al
e Dk

CPK catalyzed the conversion of creatlne phosphate and ADP to creatine
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Cholesterol esters In serum were hydrolyzed to free cholestzrol by
cholesterol ester hydrolase. The free cholesterol produced was oxidized by
cholesterol oxidase to cholest-4-en-3-one and hydrogen peroxide. The
hydrogen peroxide was coupled with 4-aminoantipyrine and phenol In the
presence of peroxidase to vield a quinoneimine dye with an absorption
maximum at 500 nm. The amount of color produced was directly proportionatl
to the total cholesterol ~oncentration of the sample as compared to choles-
terol standards,

Triglycerides

Serum triglycerides were first saponified with ethanolic potassium i
hydroxide to produce glycerol and free fatty acids. The free fatty acids
were precipltated with magnesium sulfate, The glycerol was then measured !
by three coupled enzymatic reactions catalyzed by glycero! kinase, phospho-
kinase, and lactate dehydrogenase. In the third reactlon NADH was oxidlzed
tc NAD. The total NADH decrease, measured at 340 nm, was directly propor-
tional to the concentration of glycerol present after the saponification
process and, therefore, to the concentration of triglycerldes present
in the sample,

Calcium

A Corning Calcium Analyzer Model 940 (Scientific Instruments, Corning
Glass Wor'.s, Medfield, Massachusetts) was used to measure serum calclum
concentration. The dye calcein fluoresced in the presence of calclum in
an added serum sample. The analyzer automatically titrated this fluorescent
complex with EGTA (ethylene glycol bis (B-aminoethylether) N, N'-tetra=
acetic acid). :

Chloride

A Corning Chloride Meter Mode! 920M (Scientific Instruments, Corning
Glass Works, Medfield, Massachusetts) was used to measure serum chloride
concentration. The operation was based on the titration of chioride with
silver fons generated by electrolysis.

Sodium and Potassium

s 1o, Al s 3 6 S T ANt Rt ki e ih ikl ma feriata b e aad Ka o s R Tl

Sodium and potassium were measured by the G.K. Turner Model 510 flame
photometer (G.K. Turner Associates, Palo Alto, California). :

Proteins

Serum proteins were measured by electrophoresls using Gelman Sephaphore
1l cellulose acetate membranes (Gelman Instrument Co., Ann Arbor, Michigan)
and a Beckman Microzone Cell (Beckman Instruments, Inc., Atlanta, Georgia)
at 250 volts for 20 minutes., The membranes were stained with Ponceau $
stain and measured with a Beckman Model CDS-100 computing densitometer.
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Lipoproteins

i Serum lipoproteins were determined by electrophoresis using the Corning-
33 ; ACl Agarose Film/Cassette System (Sclentific Instruments, Corning Glass
! ' Works, Medfield, Massachusetts) for 35 minutes at a non-adjustable voltage.

The agarose gel Tilms were stalned with Fat Red 7B and measured with the
densitometer mentioned above,

Hematology

Total erythrocyte count, total white blood celi count, and hematocrit
were determined by using the Model ZBl Coulter counter. The counter was
equipped with a channelyzer which displayed the cell-size distributions for
accurate setting of the upper and lower window of the counter. Hemoglobln
concentration was determined using a Coulter Electronics, Inc. (Hialeah,
Florida) hemoglobinometer. The procedure involved was the tyanomethemoglobin-
colorimetric method. Mean corpuscular volume (MCV), mean corpuscular hemo-
globin (MCH), and mean corpuscular hemoglobin concentration (MCHC) were
calculated from data obtained from the Coulter counter and Coulter hemo-

globinometer. Differential white blood cell counts were performed by counting
100 white blood cells.

STATISTICAL ANALYSIS METHODS

Analysis of Variance ‘

o The statistical analysis of the data was accomplished with a two-factor t
Pl analysis of variance (ANOVA) using repeated measurements on one of tne |
K factors (12). An unweighted means analysls was employed to compensate for !
s . }
il unequal cell frequencies encountered because of missing data. Table Il ]
7 shows the factor scheme and notation. t
|
|
{
(

R R -
PP - NI S ]

o The exposure level factor contains two levels, an exposure level and a

1 control (no exposure). Within each exposure level, there are repeated

o measurements on 30 animals. Note that each group has 30 animals for a total
cf 60. The exposure duration factor consists of 6 levels for the flrst week
analysis and 53 levels for the year analysis. Each animal was sampled once

L within an exposure duration level.

kil it L wafi

In an unwelghted means analysis, unequal cell frequencies can be used.
The computations Involve the means of cells and the time-series means of the
repeated measurements. The effectlve number of samples, N, Is computed as '
the harmonlc mean of the number of samples found within each cell. In a y
simllar manner, the effactive number of weeks, @, within the time-series
means frequired In the effects between subjects) Is the harmonic mean of the

number of samples found within each time-series record. The computational )
formulas used are: '

Pq x_ np
¢ 4 & P
Lo 2
k= J=!

ﬁ: |
LN 9ij

s

JE
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The computation of the variation, or sum of squares, Is designated by
the symbol SS. In general, the variation of a data set Is the sum of the
varlations of the measurement polints in that set from the mean of that data
: set,
2
; $$=2 (Y-Y)
5 However, for computational purposes this equation can result in round-
g off errors. An equivalent expression that reduces round-off error is:
; 2
i, ss= py?-(2Y)
20
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b: ? The second part of this expresslon Is called the correction factor.

. ‘ The correction factor term for the ANOVA is:

2

I g p
: C: =1 1?1 '”EJ

& . bg
i : . The sum of squares between subjects (SSBS) consists of the variation

of the animal time-series means about the grand time-serles mean multipllied '
by the effective number of weeks.

pon 2 ( '
; $SBS= |2 X (Vij) = \ig jz
! i jEr izt Ty

The sum of squares for the exposure level (SSL) is the varfation of |

E the sum of cells means within each exposure level about the grand mean
E multiplied by the harmonic means.

: - s (37 )2

2 SSL = |l Ve W ~¢]| | W

i q

i

:

i (ERRB) and Is the difference hetween the variation between subjects and the
! variatlon of the exposure level.

ERRB = SSBS - SSL

|
|
The error between subjects Is the varfation of subjects within groups E
|

CUEETITTROT IR e

The sum of squares of the exposure duration factor (SSD) consists of

, the variation of the exposure duration means about the grand mean. j
t {
£y . 2 | (
q /P |
’ l; (2 Yfk) ~ b
; $SD = |.k=, o K| | W |
P }

b The sum of squares of the exposure level X exposure duration inter-
- action (SSDXL) is the variatlon of the cell means about the grand mean,

E? less the variatlion already accounted for by the field level factor and the
b ' exposure duration factor.

b

3

|

2 .
SSDXL (—Y"_,-k) Nl - ssp-ssL-CN

"
MS
chache
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The total error varlation Is computed as the summation of the varlation
whthin each cell about the cell mean.

n 2
5 {vik) - (2, vin)
| 1= njk

P q
SSE = X 2
JETI

The error within subjects Is then the total error less the error
accounted for by the effects between subjects.

¢RRW = SSE - SSBS

The ANOVA Summary table, Table |11, Is partitioned Into two parts, the
effects between subjects and the effects within subjects., The F-ratlo ,
obtained by comparing the mean square of the exposure level with the mean {
square of the subjects within groups Is a test for a slignlflcant difforence '
In the means of the two oxposure levels,

The F-ratlo obtained by dividing the mean square of the oxposure dura~-
tion by the mean square of the exposure duration X subjects within groups
is used to test for slgnificant dif -ences between the means of the weekly
samples. The Interaction between the exposure level factor and the exposure
duration factor ls obtalned by dividing the mean square of the Interaction
' the mean square of the exposure duratlon X subjects within groups.

For those cases wherc the parameters were not normally distributed, a
transformation of the data was made prior to the ANOVA analysis. Table
VIII In the Results sectlon ldentifles tho applicable parameters and the
transformation used,

]

In the statistical analysis of the data, two sources of variatlion are
of direct Interest In making decislons about the effect of the exposute
level upon the animal groups. These are the exposure level and the fnter-
actlon between exposure level and exposure duration, The F-ratlo obtalned
from the exposure level factor can be used to make declslons about the mean
differences between the two groups of animals. The Intoraction can Le used
to determine whether the two groups responded differently to the exposure
duratlon factor.

The exposure duratlon factor, however, does not have a dlrect bearing
upon the question of dlfferences In the two groups caused by the fleld
treatment., ' The time-series records of animals are subject to a number of
factors other than the exposure level factor. For example, scasonal varla=-
tlions of blood parameters constltute an additlional factor common to both
groups but not related to the fleld exposure,

The exposure level factor assumes that there were no initial differ-
elices between the two groups of anlmals. |f the assumption Is false, the
main effects of the field level are sald to be completely confounded with
differerences between groups.
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A significant Feratlo for the Interaction would Indicate a difference
In the simple effects of the two exposure level factors. That Is, the
trends of the two groups would be different from each other. When a
slgniflcant Interaction was found, a regresslion analysis (10) was performed
on the paired animal differences to determine whether the relationshlip
was llnear or nonlinear.

Nonparametric Tegt

The Mann-Whitney U-Test (2) was applied to all of the parameters.
For thoso parameters which were not normally distributed and could not be
readily transformed to normal distrlbutions, thls was the only statistlcal
test appllied to the datd.

The Mann=Whitney U~Test is a rank test that produces a Z statlstic
which can be related to the standardized normal distribution to determine
the level of signlficance.

In thls experiment, wookly samples constlitute repcatod measures and
arc not indepondent. For thls roason a rank tally scheme as shown In
Table IV was used to obtaln Independent measures to which the Mann-Whitney
U~Test could be applied. Each weekly record of the two groups was combined
and the combined group ranked, The ranks of cach animal for each week
were then summed to obtaln @ ronk total for cach animal, The resultling
rank total for each animal was thon ranked and the Mann-Whitney U-Test
appllied to the final ranking.

For missing values, an average of the lart and noxt avallable data
point In an animal's weekly samples was used as the missing polnt. |f the
mlssing polnt wos the last volue, the last avallable data polnt was used.
Likewlse, 1f a polint was mlssing at tho boglnning of an animal's record,
the next avallable data polnt was used.

In the case of tles In ranking procedure, all tled ranks were replaced
with an average of tho tled ranks. Thls assures that the ranking of other
anlmals 1s undisturbed,

START-UP PROCEDURE AND SCHEDULE

To assemble a staff sufficlent to glve sixty pnyslcals, draw sixty
blood samples, and In gencral, collect the same data on all anlmals on the
same day would have increased the cost of the project approximately flve-
fold. The following schedule was therefore prepared to minimize cost by
distributing the workload over a slx-week perlod without losing sclentific
rigor or compromising the statistical validity of the data. Thls schedule
was deslgned to allow data on each animal tu be taken at the same Intervals
of exposure. For example, the total exposure time for any animal at hls
third physical examination was fdentical to the exposure time for all
other animals at their thlrd physical examination. The same was true for
all data; for example, the 33rd biood sample for all animals was drawn
after the same number of days of exposure.
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On Monday, 27 October 1975, palr number one was brought from the
vivarium to the ELF Bullding. One anlmal was then placed at positlon one
over the north simulator and the other animal placed in the corresponding
nosition over the south simulator. The staff members placing these animals
had no ‘knowledge of which simulator would be energized, The decislion to
energlze a speciflic simulator was then made by the princlpal investigator
who at that point had no knowiedge of which animal had gone to the north o,
the south side,

Pair one was henceforth designated a Monday palr, which means that
every Monday morning blood samples were drawn, cages were changed, and the
system was conflgured to monltor oxygen consumption rate. On Tuesday, 28
October, palr number two was Introduced Into the experiment and was deslg-
nated as a Tuesday pair., The procedure continued with one additional pair
of animals entering the experiment each weekday for slx weeks. Durling the
first seven days, each pair was conflned to a restraint chalr and blood
samples were tak'n dally to record possible transient effects.

The c¢linlcal state of cach animal was establlshed prior to entering the
experiment, The first clinical observation after beginning the experiment
occurred on day seven at the end of the Inltlal restralnt perlod. This early
phystlcal after only seven days of exposure was Intended to provide clinlcal
documentation ot transient effects., The remalining physicals were at six-
week Intervals.

On Monday, 1 November 1976, palr number one had completed 53 weeks In
the experiment, and on 10 December pair number 30 had completed 53 weeks,

With slight modlflcations In the protocol, exposure has continued; however,
no data taken beyond 53 weeks are included In this report,
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RESULTS
VETERINARY CLINICAL EVALUATIONS

Clinlcal evaluations were performed on one monkey from each group every
weekday as outlined In the protocol. Every animal has now been examlned
nine times at six-week Intervals, I!ntradermal skin tests for tuberculosls
have been accomplished every six months; all results were negatlve. Each
arimal also recelved a dental prophylaxls Including ultrasonlc calculus
removal. A varlety of minor condltlions have been noted In both groups such
as abrasions, reglonal alopecla, ginglivitis, otitls externa, rhinitis, and

hematomata. These condltlons are frequently encuuntered In most rhesus
monkey colonlies,

Bacterfal enterlitis Is a common disease In rhesus monkeys. As a part
of the selection process all anlmals were screened and found negative for
enteric pathogens by rectal swab and culture. Desplite thls precaution,
pathogenic bacterla have subsequently been Isolated from four animals.
monkey became clinically 11 with blood-tinged dlarrhea. Salmonella
enteritidlic was Isolated by rectal swab. Antiblotic therapy was effective
in alleviating symptoms, but the animal has remalned a subclinical carrier.
Shigella flexner was lsolated from a routline fecal culture of another
monkey. This animal was symptomless. Antiblotics were administered In an
unsuccessful attempt to eliminate the carrler state. Two other animals were
also found to have positive cultures for Salmonella enteritidis but were
asymptomatic. he three Salmonella enteritidis carriers were In the control
group and the Shlgeila flaxner carrier was In the experimental group.
Identiflcation of these cultures was confirmed by the Center for Disease
Control In Atlanta, Georgla. Specla) feeding, watering, and handling tech-

nlques were Initlated for these animals, and the absence of addltlonal cases
attests to the effectlivenass of these measures,

One

For seven consecutive days durlng each six~week cycle for a total of
31 weeks the monkeys remained in plexiglass restraint chalrs. Durlng the
inltlal cycle approximately 503 of the anlmals developed edema In one or
both lower extremities while in the chalrs. The anlimals had all been con-
ditfoned prlor to the experiment by dally chalr sessions beginning with a
one~hour perlod and Increasing the time up to six hours, No edema developed
during thls conditioning. A translent panleucocytosls usually accompanied
the niore severe cases of edema, and often persisted several days after the
animal was removed from the chalr, The edema usually disappeared wlthln
L8 hours. It was dlscovered that the plexiglass seats were restricting
venous return from the legs, as the animals were seated on plexliglass
blocks with abrupt 90 edges. |In addition, it became evident that the
height of the seat above the foot rest had to be zdjusted to Insure that the
rump was lower than the knees. A new seat of contoured, fiberglass re-
inforced plastic was designed and it eliminated the problem.
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Two anlmals from the control group have dled since the experiment
began. One monkey developed acute gastric dilatatlon whiie in a restraint
chalr. Approximately 1000 ml of fluld and undigested food were withdrawn
by naso~gastric tube. Despite Intensive resusclitative efforts the animal
died several hours later. Necropsy revealed a greatly distended stomach
with hemorrhage and necrosls over the entlre greater curvature of the
gastric wall, The etfology Is not certaln; but gastric overload with food
and water during perlods of restralnt Is suspected. A second monkey was
found comatose after 24 hours In a closed-system chamber. Treatment for
shock was begun Immediately, but the animal dled two hours iater with
clinical evidence of pulimonary edema. Post-mortem findings Included pulmo-
nary edema and hepatlc central lobular necrosis. The chamber atmosphere
contained a contaminant gas which has been detarmined to be methy! metha-
crylate monomer. This chemical was used tc seal cracks In the plexlglass.
The monomer s normally oxidized to an !nert polymer. In this case the
oxldizing compound did not fully polymerlze the methyl methacrylate,
resulting in an accumulation of the volatllc monomer in the closed system.
Personal communication with environmental health officlals conflrm that the
compound |s consldored highly toxic and produces pathologlc changes as
found In this case. The National Animal Disease Laboratory attempted
unsuccessfully using gas chromatography to recover the compound from a
Vlver tlssue sample.

Systollc blood pressures were determined during each physical evalua~-

tion cycle. Pressures were measured indirectly from the ulhav artery using

a pediatric sphygmomanometer cuff and a Doppier ultrasonic flowmeter., Mea~
surements were taken with the monkey seated In the plexiglass restraint
chalr as shown In Figure B. Means and standard daviatlions are shown In
Figure 9. It should be noted that the mean values of the two groups are
similar and tend to decrease with time. The variation within groups In-
creases as reflected by higher values for standard deviation. A possible
explanation may be that some of the animals became highly conditioned to
the chalr and examination procedure and remalned more tiranqull during the
data acquislition,

Ages as determined by dentition are subject to a falrly substantial
error due to varlations In tooth eruption dates. For example, the lower
second molar erupts from 43 to 59 months, and the next tooth to erupt |s
the lower third molar at approximately 80 months. The third upper molars
erupt at 90 months. Thercfore, there can be a gap In aglng data from 59 to
80 months and from 80 to 90 wonths of age. After 90 months of ago, dentl-
tion Is a less valuable criterion for aging monkeys. The average age at
selection was 48.3 months for the experimental group and 47.1 for the
control group. The average age of the females at selection was 51.5
months for the experimentals and 50.9 for the controls. The average age of
the males at selectlon was 4.6 for the experimentals and 42.8 for the
controls. At six month Intervals during the project the age was estimated
again without belng biased by knowledge of the previous estimate. At the
end of the first year, the average age of the total experimental group was
69.2 months and for the control 69.8 months. The average age for the
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females was 68.2 for the experimentals and 69.1 for the controls. The
average age for males was 70.2 for the experliwintais and 70.6 for the
controls. These data demonstrate the age estimation errors, In that
over a 17 month perlod the males appear to have aged 26,7 months, while
the females aged 17.5 months; howsver, age estimation for the experi-
mental group compares well with the corresponding estimation for the
controls at both the time of selection and at the end of the first year.

A set of standard body measurements were taken at the time of
selection (June ard July 1975) and at six month intervals during the
exposure period, These data are summarized in Tables V and VI and show
that at the end of one year the exposed males were larger than the
control males In body welght (Pw=0.07), chest circumference (P=0.08), and
body surface area (P=0.10). The same standard measurements were used to
compute the gain In body measurements as shown In Table VIi. These
calculations conflrm that the exposed males grew more than the control
males. The significance level for chest circumference decreased (P=0.19)
because thls measurement for the exposed males was siightly larger
Initlally, The significance level for body welght gain Increased (P=0,001)
because the weight galn analysis Is less sensitive to the inftial and
final distributions of body weights. The significance level of the body
surface area Increased because thls measurement Is calculated from the
followling equation {9) In which body weight predomlnates:

0.60u46 .1862
BSA (square cm) = Welght (kg) X Crown Rump (cm)0 862 514
This difference In growth rate for the males was also confirmed by the
analysls of varlance computation on the weekly measurements of body

weight that are plotted in section 11IC.
BLOOD CHEMISTRY PLOTS

Blood chemistry data are plotted as means and standard deviations
for those parameters that were rormally distributed. Other parameters
are plotted as medians with Interquartiles.

The exposed group ls deslynated as ''"File 1-30" and the control
group deslgnated as ''File 31-60". Files 1-30 are for the R group and
files 31-60 are for the B group. Corresponding data points for these
two groups were slightly separated on the time axls to allow standard
deviation and quartile lines to be readily distingulshable.

Blood chemlstry data for the first six days of the experiment in
which blood samples were drawn every day are plotred separately and the
units on the axis are In days. The data point for day six is the same
as the data point for week one In the weekly plots. In the weelily plots
there is a designation Indicating that flles 6, 36, 20, and 50 were
excluded. This means that the data for animals R6, B6, R20, and B20
were not Included In the calculations for those plots. They were excluded
because animals B6 (female) and B20 (male) died (B6 on 22 Dec 75 and B20
on 21 Feb 76) for reasons that are discussed In the clinical section.

To maintain a matched group it was necessary to exclude data from the
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corresponding animals in the R group, R6 and R20. The cages occupied by B6
and B20 were filled within 24 hours after these deaths by replacement ani-
muls that were closely matched to R6 and R20. These replacement animals
were not intended to provide valld data, but rather to keep the other B
group animals from having empty cages In their row and also to maintain the
work routine of the staff., These replacements may ultimately provide

useful data but such data must be treated carefully to maintain statistical
validity,

In general, the plotted data are self-explanatory. |In some cases it Is
necessary to recall specific details of the protocol. For example, the
animals were restrained for the first days of the expeiiment and blood was
drawn daily; some parameters, especially hematocrit and hemoglobin, were
affected by this frequent blood drawing. The animals were restrained again
at six-week intervals; data points corresponding to the first, seventh,
thirteenth, nineteenth, twenty-fifth, and thirty-first weeks were analyzed
from blood samples drawn after the animal had been restrained for six days.
Some parameters, especially triglycerides, show cyclic variations that
correlate with this restraint period and can be clearly seen on the plots.

These cyclic variations assoclated with the restraint period were
unexpected., The investigators were not aware of this effect until the data
had been plotted for 24 weeks of exposure. |t was decided that these arti-
ficlally imposed effects might possibly mask a field effect and that the
benefits derived from the chair protocol were not sufficient to justify this
risk; therefore, the chair protocol was discontinued. The last blood sample
drawn under restrained conditions was for week 31.

It Is also helpful to remember that a given data point on the time line
does not mean that all raw data contributing to that data point were taken
on the same calendar day; however, they were taken after the same number of
days of exposure. For example, the contribution of animal Bl to a given
data point occurred six weeks before the contribution of B30. This means
that an unusual event that might cause an artifact, such as equipment
failure on a given day, would affect only one pair of animals contributing
to a specific data point. This same argument applies to the analytical
laboratory; the total samples contributing tc a specific data point were
analyzed over a six-we~k period. In summary, a significant change in the

data represents an Influence that must have been consistently applied for a
long period.
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r g, Thyroid Parameters

The plots for these data begin at week 14, They were not analyzed at
the beginning because of delays In arrival of necessary apparatus and re-
agents. Serum has been preserved, and these data can be retrieved.
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BODY WEIGHT

Body welght measurements did not have a normal distribution and could
not be adequately transformed. The distributions containing both female
and male data were bimodal because the males were much hesavier than the
females. The following data includes plots of means with standard de-
viations and of medians with quartiles. Plots are alsc shown for the mean
and standard deviation of body welght ratios in which the first welght of
each animal was taken as the standard, and all raw data for each animal
were recomputed as a ratio to initlal welght. These derived data were then
used to calculate mean ratios for each data point. For these ratlo plots,
the first data point is, by definition, unity with zero dispersion. Growth
rates and variation in growth rates are readlly apparent on these plots.
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RESPiRATORY GAS ANALYSIS

Oxygen consumption rate and carbon dioxide production rate were mea-
sured at room temperature, humidity, and pressure and then averaged over
the measurement period (epproximately 22 hours} to provide a plot of rate
in ml/minute. The same raw data were then corrected to standard gas con-
ditions. (This correction is based on average temperature, humidity, and
pressure in the laboratory and is not as accurate as canh be achieved using
precision techniques on a single animal.) The corrected data is then aver-
aged over the measurement period and divided by body weight to produce a
plot in ml/minute/kg at standard gas conditions. The average oxygen con-
sumption and carbon dioxide production rates are used to compute the res-

piratory quotient for each animal from which the group means are computed
and plotted,
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, STATISTICAL SUMMARY
f The statistical results are summarized in Table VIil. Parameters are 4
; arranged In the same order as the plots. The first three rows for a glven 3
; parameter are for the data taken during the flrst slix days of the exper!-

: ment.

The first row, labeled M&F, is for all animals in the group; the

second row, labeled F, is for females only; and the third row, labaled M,
{s for males only,

The last three rows for a given parameter are for data
taken at weekly intervals, The row sequence is again male and female, fe-
male only, and male only. Transformation codes are shown where applicable.
The degrees of freedom are in the column labeled dF and the F ratio is in
the coiumn labeled F. The numbers in the alpha columns are the probability g

that the observed difference could be due to chance alone. A positive sign . r
' In the Z column means that the controls tend to be higher than the experi-

mentals and a negative sign means the experimentals tend to be higher
than the contrels,

PR

o e Skl < A A

T Tl P onie ek

o S it s

299

{
¢
4
?,

Pt

——rm
&




T T TI—yT = T T T T e e T ST TR T e

T

aserbs = 4
[€203d193Y = §
601 jesnieN = 7
J00y auenbs «= |x
o1- §9°1- 98" 9.0 9cz1 2y FA N §9°2 HZ°1 W
61" 0f"1- ng- £8°0 6EHL S HE° 60 7 A 4
$6° 1o L~ 69° 970 6LLT°2S oL- 92 75°1 43u
1L 9€°0 6¢° ¥0°1 6ZL¢S 64" 250 9z°tL W
£L° ££°0- q1- 6571 osl's A h°0 0£°1 4 . uoijoedy
66> 10°0 1€ 071 68Z°S 98" €00 85°1 43W up|nqoly ewwey
[9° %80 66° £9°0 FAT AR oL - 0Ll qZ°1 ¥ W
98° gl'o0 66° 64°0 oyl ZS ol- si°0 gzl q 4
15" 18°0 66" 290 18/Z°29 6e" 9/ -0 H5°1L i 42
58° 65°0- HE” 7171 6£1°S 48" 070 S TAN q W
9t° 0£°0- q1° 6971 051°S 95" <] 0L i 4
64 6970~ Z6° geg o 68Z°S 65" 0f°8 85°1 4 43K uoi3dea4 ulwnqly
8T 0071 66° 1570 €L LS ge" 68°0 #Z°1 W
gL- el 66" %570 ‘gL ZS oL 18°2 8Z°1 4
10 L€ 56° 470 S6/z°zS (1 65°C 75°1 49
66" 0070 1€ 1271 051L°S 6L° 10°0 ozl W
88" L\°0 56° 4Z°0 051°¢ 46" 1070 051 4
€L 4170 oM 670 06Z°S 76" i0°0 2G°1 S3W ulwngy
65" €570~ 66° 570 1%71°25 gy” 05°0 q2°1 W
€9° Iy°0 66° 64°0 Iyy1°zs 08" 90°0 Z°1 4
66 00°0 66" 0570 26L7°2S 1L 8C°0 #5651 43K
{Z° OL°1- 59" 99°0 0€1°S AN 4972 9z°1 W
8" IT°9o- G- €11 061°S 19° 9Z°0 0£°1 4
" 18°0- 89" 7970 062°S gl 9072 851 R uia3oay
o z © 4 4p © 4 4p
is3t (VAONY) NO1LIVY3IINI (YAONY) SNVY3IW %3009 %3S Y3 LIHYHYY
XNvY IWIL SA 4noYd N3I3AL3I8 IINIYISH 10 NO!17Wd0dSNYHL

AYVHHNS TYIILSILVLS
-

111A 378VL

300

ke

RGO

PELAPAT N 3 P




4" #6°0 66" 8570 1% TAREAT 12° 89°1 TA | i W
Tg° TToo- 66° 840 0941478 £€9° £€2°0 gz 1 1 E|
y* SL°0 66" 1570 H Sk A A N #€°0 7S8°1 1 43%
66° 00°0 gtL- €51 0EL“s 8" S0°0 971 ! W
16 110 60" 96°1 BHL S e 800 £t ! 4
6L° 9Z°0 gL €51 632°s 66° 10°0 85°1 i AW 1043352]0Y)
76" 66°0 gl 7870 1€71475 95" s€-o %71 W
€9° (%0 £9° 670 Eq1°25 €6° £0°0 8z 1 4
SZ° 91°1 e 93°0 l9{z°2s 99° 6170 ¥6°1 d2W
19° 0570 66° €0°0 6Z1°S 9f- 60°0 9zl W
S9° SH°0- 05" £8°0 oS1L° 9 £€6° 16°0 0£“tL 4 uoiloely
Z6° 01°0- qi° S0 68Z°S 16” 10°0 8%°t 434 u1|ngc|s eiag
yZ© Sl°lL- 8- £L°0 1ZZL2S £€- #0°1 7Z°1 PA W
TL: S€°0 gL 93°0 £onL“ZS 66" 00°0 gz°1 Z 4
L5 I§°0- 56" ££°0 8ZLZ°TS &4 84 °0 751 z 430
8l Lz 90- £3° £8°0 6Z1°S Iy £5°0 9z°1 z W
05" £9°0 64" 88°0 6ELS 9z €1 0£‘lL z 4 uo1ldely
16 11°0 99" $8°0 18z°‘s s&" ng-o 85°1 FA A3H uj{ngoin elag-ald
g6~ Z0°0 98" £i°0 [§z1°28 66° 00°0 qZ°1 W
gz° hivl- L #9°0 OHHL*ZS 64" 870 8z 1 4
8¢ 88'0- 16° #°0 184725 z9° #2°0 #5°1 430
£6° 60°0- €1 gl 6z1L S gl 0170 az‘l W
16 1170~ £y 86°0 oxL‘s z8° $0°0 0£°1 3 uo13ioely
$9° Sq°0- - 96°0 £82°S HE" 10°0 861 42W ui|neo|y z-eydyy
%0° 20°Z 86° 79°0 [g21925 70" 65y HZ 1 ¥
6l [Z°0- 66" 970 okHL“ZS 89" [1°0 8Z°1L 3
Ze® 40"\ 66° 45°0 184729 8h° 05°0 #5°1 434
£€2° 611 08" 95 0 6Z1°S 98" £0°0 9z°1 W
L AT A ql” 4570 051°S 87" 0Z°1 DE“L 3 uoj3oedy
LYARN Y1 £9° 89°G 68Z°S gy 05°0 85°i 43K uinqoly |-eydyy
0 z © 4 e o 4 4p
1531 (VAGNV) NO1LOYY3IIR] (VADNY) SNY3W ¥3603 X3s YILIWVHYS
ANVY JH1L SA 4n0¥3 NIIML3IT IININI4410 NO11YWI02SNYYE L

361

o

IR e




e — LT T s

ql* €€°0 66" €76 £yTL ZS 09" 8z 0 L TAR! W
6" 0L C- 66" €€°0 154128 S6° 107G 8z 1 4
S YA 56° 1€°0 86/2°2S £l 1170 £5°1 33K
t9* 0570 &51° L0 gzL‘s #G~ £ G 9zt W
fz° 60°1- %9- £9°0 641°S SE- 88°0 0£°1 4
16" L170- z8° 40 182°s ir- g0°C 85°1L 43U 1 14D03BWoH
-66° 00°0 66° 94" 0 €€z1z8 8¢ " g0 7Z°1 W
S8° gL'o #i- 8870 onyiL‘Zs 6" 0070 Qz 1l E|
0S° £9°0 75" -0 LLrzezs £€5° 0£°0 5§l 434
97° £L°0 l6° gL 0 6Z1°S €L L0 9z°1 W
91° 6£°1L 1" 071 o31°s y1° 82°C 0E‘1 E
91" B£°1 19° 10 682°S [ A 85°1L 434 u1ajeuadodiy elog
€T 1T°1- 66° €570 ££71°2S 1z 971 LTS L W
0" $8°C 88" 8/°0 oyl zs gy zZ5°0 rAN 1 4
z{° 9¢£°0- 65° £5°0 LLLT TS yf- 11°0 #G¢1 | 49K
8¢~ [8°0- £g° 0 621°S ig- 40 9z¢1 1 W mm 3
¢€l° €£p 1€ oY1 051°s i9° g8L°0 oLt 1 4 uol3idely k
28" 2Z°G- [0 €51 65Z°S 65" 00°0 85t ! 33W  ujps3oudodi eisg-dud
Zlt 9571 66" SH°0 1£Z1°28 9¢ " 98°0 #2°1 W !
{2 60°1- az- 090 L E TAY 9z° 1£°1 8zl E
8" 270 66" 1470 (AR AR A g Z0°0 ¥5°1 439
59" S0 £6" 6170 571°S 1lg° gL 0 9Z°1 W
ZL° £§°1- 59° 99°0 0S1‘S g1 6i°2Z o£‘1 4 uO§3IoeL4
€ g§i°0- 99° $9°0 682°S 0£" oL°1 851 43U uiajoudod ;7 eyd|y
£9° g8%°0 86" 5970 9£71°2S g6° 10°0 HZL W
S0 [§°1 65" Q%0 1471°2S 90" g8°¢ 8Z°1 3
01" £9°1 66" 65°0 184228 €1° rA A #5 1L 45W
0z° §z°1- /T" RIAR {z14s 1z- 69°1 9241 W
9z° €171 {6° 81°0 yhlL‘g le- Z8°0 0£‘lL 4
%" [o°0- ye* Hivi igz s " #0°0 8c¢1 33H sap1i9dA|614)
‘0 z © 3 4p » Ei 4p
1531 (YAONY) NO|13VY3INI (YAONY) SNY3IW ¥3002 X3S EETEL LN

ARV IHIL SA dN0YD N33M138 33N3¥34410 NOILVHIOISHNVYL

I S



e e e S T T T P TN R S BRI TR TR 8T T A e T AT S M T TR TR S TR

RIS s

: L€ 1e7L 66" 2870 7HZLZS gz whol 421 5]
- L SE°0 66" €0 1641428 g6" 10°0 871 4
: €L yo 66" FA 66/2°28 84" 05°0 55 1 43K
§8° 65°0 l6° £1°0 74 B ig° 0L°0 CTAR W
g Le° 06°0- 1¢- 60°1 6n1°S #E" £6°0 0£‘!L 4
ig" €z°0- 79" £9°D £82°S Hg" £0°0 831 43W  3unoc) | |99 poojg Py
N ZL® €97 0- 66" §4°0 £4Z1°29 66° S0°0 qz°1 W
¢ kLt 6§61 66" 12 M+ 164126 q1° {zz gzl 4
: 91" 6E£°1- 65" 0 ge/z s HE- 26°0 7541 334
% g€9° 1470~ 06" rA%d) 8z1°s z6° 10°0 9z°1 W
o A D Vit 48” i7°0 641°S £9° 6£°0 of ‘L 4 U0 §31e43U93UO0T
; 6€° S9g°0- 96° 0Z°0 {82°S 09" 12790 851 43W  ulqo{Bowsy [ (9] UED
i 61" 1£°1- 66° rA 157454 8¢ - 080 #Z°1 W .
: £9° L[y°0- 66" 8470 1547125 8y" 1570 8zl 4 i
> £€€° 8670~ 66" 5570 64725 iz STt 5541 43M :
: 96 40"0- & 6g°0 gz1‘s  £L° zto 9z°1L W = :
E 89" 1470~ i 160 415 £8- 700 oE“!L 4 a g
: S9° Sy°0- 65" yL°¢ {375 oL" SL°C 85°1 424 uiqo|Bowsy (|33 uedy i
: e
v 42 §1°i- 66" 6570 UL TAREA Iy £5°0 nZ°1 H 3
R TLT sET0 66° 270 1591°28 6" 10°0 gz 1 4 ]
: L 9tt0- 66" 4576 661225 69" 170 751 43W
¢ 78" fz°0- 0L" 65°C 74 i 06" 10°0 921 W
5 Z8 zz°o 86" 9170 691°S 18- Se°o 0l 4
£6° 80°C 68" £€°0 i82°s 06" 10°0 851 23 aunfop [[93 ueay
: 65" £9°0 66° 97°0 HHZ1 28 Y 79°0 LA W
g 9L 1£°0- 9g° F48d ] (54 T4 oL 9170 T 4
89" ifT0- 66" 75°0 66l7°2% 06~ 10°0 541 420 3
13" 0570 £y’ 7970 gzZL°s £€- 96°0 9zt W X
yZ° 9171~ (4N LL1 691°S 6i° 4871 Of ‘1t E E
: [ R T 171 igz*s 59° 0Z°0 85°1 Erl] urqo| Souay :
k L Z o 3 4p o 4 P 3
v 1531 {YAONY} NCILOV¥3INI {VAONVY) SNVIN ¥3G02 X3S YILIWVIVd

ANVY INiL SA dNQYS LEELUEERERLEVEEE Y KO1LV¥Wd O3 SNVEL




T T T e T - T S T T S e T oy T L T T L T T T TR T T T T T T T e e

£L° ng°0- W
3 6%" 89°0- 4
e 65" yS°C- 49
- 6h° 89°0- ]
. 9" €171~ E
- 0z° 8z 1- 334 s3] tydouy503
w AT AN 05 86°0 €4Z1°ZS 75° o 7Z°1 H
. " 08°0 58" 0970 EyHL TS el 69°1 9Z°1 3
L° wET0- z8° 1870 96£2°2S sg8° £0°0 751 ERd|
757 970~ 78" o0 [z1°s oL- #1°0 CIA | W
1/° fg£°0 1 10°1 8HL‘s 15" Z£°0 o€t 4
Ll BT 0- 6S” 9L70 sgz°s lg- 70°0 851 394 s911udcainsuiiog
€g° Bi70- H
$6° 90°0 4
0g" #¢°0- 49W
66° 0070 W -
66° 00°0 3 =4 e
75" 0L"0- ExH $9342000K E
Wy LL°C 9" [ 3] A rA RrAY iy Z5°0 7z°1 H z
Ly Tl o- L6" 99°0 6hy1°2S ge {670 S TANT 4 3
LG SS°0 18" 7870 SE£Z°2ZS 56" 1070 7541 ERH]
6 8§9°0 L 7575 [z1°s r4 €170 9z°1 W :
{6~ €0°0- 95° 5L°0 /LS ul- Lo 0£‘t 4 @
L RA Y 95" 7970 987°S 65 600 851 33W s814o0dwA
o4 78 0- 93" 9.0 7471 TS 1e” 80°1L qz°1 i W
£9° [y°Q €¢- £&°0 1541425 6E " {Z°C 8zZ°1L ! d
G6° 90°0- ZL /870 56225 7 1o #5°1 i 25W
£5° &0°0- 86" £1°0 gz1‘s (S SL°0 STANY 1 W
S8° 810 09" zio 641G 75" 80 11981 t 4 uncy
£6° 80°C- £6° £Z°0 1892°9 {€° 00°0 8¢l L 43H (193 poolg 331ym =
© Z © E| 3p o 3 4p
1531 {VADNY) NO113V431NI {VAONY) SNYIN #3002 X3S ¥3LIWvEVY4

ANVY 3WIL SA dNOYD N33ML139 33N3y34410 NOILVWY0ZSNYYL




At ae &

TN R I A ST RIS D T NN T e e ey e

SLTo1gtt z0° 11 1 ZHZies [ FA #Z°1 W
- 7Lt ogLtt- 83" ZL0 ey Zs £T° g7l Al 4
- ¥6° g0°0 9f - 9071 55228 66° 00°0 H3"1 A3
78" ¥9°0- 66° %¢°0 6Z1°q zi- £1°0 9z%} W
[ t° zg°o- gl §5°1 8%1°g 42" Sy 0£¢1 4
A AR T 6L° (970 gz s A 1571 851 42K splioiys
80" 9L°1 Hl* 9g8°0 L T ALY i6- g29°¢ YA L W
75" 0i°0 el 68°0 169125 oL £L°0 3T°1 { 4
€€° 8670 76" 79°0 0082 2S Nz £n-t 45°1 | 42K
#0° 20°2 48" oy 571°S 10" 0l°¢ 9zt l W
05" 970 SL- €59°0 oh1°s 8L” 8070 O£t t 4
60" [5°1 89" 79°6 897‘S 1z 2971 85°1 ! ELY wnyssez0d
g 60" LL°1 98° 9i°0 SHZLZS 4% 26°2 721 W
78" w0 66" Z9°C 1941°2S 1L° 170 T Al 3
. ZET £0°1 76" SV (V3T A £z" T M 754 430
¥ 59" SH°0- of° 09°0 621°S 66° 00°0 3¢ H
, iy 1lo £g° 250 6y1°5 Le- 86°1 01 4
3 18" €270 rAt €470 882°S Sir® %0 8%“1 39H un  pos
€€ [6°0- W
72 gl°1 2
§ ig° 91°0 43R
, $6° #0°0 H
78 TT°0 4
g8 6170 43H spueg
. Zg° f£Z°0- H
2 99" £%°0 3
; €8 1T°0 EER]
tn- gl-0- W
50" 66°i-~ E:
90" 98°1- 420 saj 1ydoseg
3 B z o 4 4p o 4 ip
1531 {VADNV) NOJiIv¥IINj {YAONV) SHVIW 3009 X3S UI13IWVYV4
NRVY INTL SA dNOYD NZ3ML134 FINZUILAN0 NOILYWHOISNVYEL

305

by




ANVY

3HI1 SR 4NO¥OD

NIZML38 IDNIY3IISi90

RO11YHAOISNVEL

et Dl LB

128

A it Y ey
0 (S i o Y

86° Z0°'0 W
0z" 927t 3
75" S9°0 43
H0© 20" w
[£° ©6°0 3 aseujoydsoud
gL" O%°!l 43K SusIeat)
Ll £T°0 66" 6£°0 (£ 4 R 6" £0°0 §2¢1 { W
7w 9l°0- 66° 92°0 15 S% 9[°0 TAS 1 4
ol Lg-0- 66" 5€°0 L6LT TS £9° £2°0 §9°1 t 43K
€1 1871 16" 810 OEL‘S 6" £ 9Z°1 1 W
1957 997G 91" 197 641°S 1L €170 O£l 1 4 aseusbousphyaq
1T AN ¥ AN ] Fi 8071 582°S rA% 66°0 851 i 430 s1e308
1 16°1 1t LT ] TAREAY L i £€£°2 72°1 z W
75" 95°0- 48" 08°0 giiL ‘7S 6" 00°0 9z°1 z 4
£v° gl°0 z8° 18°0 1] TR A4S 6" zZio #5°1 z 430
50" L1 AN 9i°1 0£L‘S £0° 80°S 9zl z K dseujursuel ) w
qi° Iy°1 6" 20 0si‘s 9Z° ££°1 O£l Zz 4 J1An1AY 2
£0° 1T g€ 60°1 06Z°S £0° 20°§ 85°1 z 430 JjweIn(y wniag
93° £4°0 kg 08°0 [A74 BFA] 15° €90 9Z°1 v
ah° 9L°0- 25" ¢Lo ghy1°Zs £6° 10°0 Tl 4
£6° go°C ig* 59°0 w6l s 99° 61°0 4s°1 42K
20" 5Z°C 6€° G0°1 621°S 100°0> 94°6 9zt ‘W Iseu|uvsUes §
Lz 60°1 LS® LLo 051°S A 893°1 (1} ] 4 2129780} EXQ
20" 727 ne” 1 68C°S 10° 8L 85°1 43M DWeIN|Y WAIIS
ZlT Ew0- 86" %9°0 SHZLTS 8 50°0 21 W
80" 9Lt e 1071 0 A 80" 52°¢ RZ°1 Fi
#E- S670 (4% 6Lt 164225 £2° 91 HG‘1 FE]
ge" Lg 0~ 08" 94°0 621L°S £ £8°0 9zZ* 1 W
w6* 0O §6° 09°1 gH1L°S 65° oe°o ofct 4
9% £L°0- 9L° 50 lgz‘s gn° 6470 85°1 49K wniojel
o z © 4 3P o 3 4p
1531 {VAONY) NO)1IVY3IN} {VAOKY) SNV3H 3003 X3s YI1IWNVHYd




i
A T 66 00 $Ig'gt  S° 750 nzt 7 y 3
of° S8°0- 0€" zZ[°0 101 °ge AN £5°2 - TAN q 4 :
£l° xt-o- 16° 1£°0 0l61°QE 9" zZ 0 #5°1 4 EEL i
W
59 sujuclAylipol Ll g
90" Z6°t $8° £l°0 42126 so° Liy HZ 1 W .m
91" &1~ 66" is o 154125 1z° i9°1 gzl 4 ,k
9" £0°0 86" 49790 66£7°75 £9° FA R 51 42N -
€27 617§ 1L 16570 0£1°S 3£° 98°0 9Z°1 W
89" %G 8" 1470 051§ z9° L TA] ) 4 us6243 1N )
97" €171 08" 9h"g 06Z°S s 1071 gs*t 434 eain pooig 3
40° £0°Z 1z AR N TAREAS 10° 1072 2Z°1 W “
88" #i'0 i #8°0 Sayi ‘s 12- €10 T} 3 3
oL- Z9°t h° 1074 684728 se” i1y q5¢4 33u
0" £8°1 1 eg-e 671G Lo 5°: 921 W —~ E
Z8° ¢z o- 6E" 5071 EqL°S 78" S0°9 £l 4 =4 3
£Z° 5G°t G- 7670 88Z°S 1z £9°1 891 43K 3IsOdN (9 3
£ €€0 66° 95°0 HZL IS g6° t0°0 721 i W -
69° 6E£°0-~ 66" HE°0 rAS 1 kAl £9° %02 8z‘! l 4
9" 1Z°0- 66" 6570 Z08Z2°2S 16” 1079 551 1 430
TR L ] 85" 9{°0 £Z1°S §Z° 4 A 9z‘1 ! W 3
5L° 92°C 19° 1/°0 05i°S e ZE°0 0E“lL i 4 ISEIBWOS | 3
[VANE YA} (z 8Z°1 682°S €z° SHUL 861 ! ER% esoxaycydsoyd
96" 671 66" 6%°0 9HZ1L°Z5 93° g6°¢ HZ1 W E
£€9° 1370 79° 1670 [H1°7S A #8°0 YA | 3 w
oz® [{z°1 66" £5°0 iglz zs 60" 96°Z £#5°1 43H 2
SLToTqtt 9L 1970 SZ1°% A% 78°0 9z°1 W m
€4° 6L°0 65" Sl 0 051°S £ 28°0 og‘L El Isepiidadsuesy 3
L1 L€ 65" #7470 $8z°‘s LA g8c-1 83°1 43W {Awein{g-eusies :
° 2z o 4 4P o 4 4P :
1531, (VAGNY) NO113V¥3IN] {VAONY) SNVIH ¥3003 X3S ¥I1IWvevd w
WNVY IWIL SA 4N0YD K3IaML3g 320334314 NO{ LVWHOSSNYYL :
A B camtra—u el SR Y R D N R s ol PP S S ORI, 4 \,.....,E.L..?..».,.f.nﬁ.i»w#-ﬁﬁuwwm




O #4870 100° 0> 8l°1 ZT11°18 5" $9°0 721 W
Z8° %970 80" 0£°1 [9E1°1S [N S£°0 YA | 4
£8° 1Z°0- £00° 1871 186215 £6° 1076 #5°¢1 43H
W
4
42W icridunsuo) uabAxg
50° Z6°1L- 100" 0> S%°9 9g1L1°Zs lo° 99°¢ 7Z°. W
1z 9zt 86" 09°0 1/€1°28 1z° 91°1 8Tl 4
8c” 6Z°0- 16- Ly 0 1992428 66° €070 HG 1 43H
W
E]
<3W o11ey 346194 Apog
[£° 68°0- 109°0> ¢ 9811 “Z9 9z" 1€°1 72°1
98" gL°0 of” €01 1/£1°28 %6~ 1070 82t
69" 6£°0- 66" 940 1992°2S 9° [£°0 4541 {
W
4
EEY 145 :3M Apog
50" 671 6€" oq°0 799°gf 60" 1€ 7zl W
89" 15°0- - S8°0 £101“gE £9- 7°0 g2 1 4
6t° 83°0 % FASSE Z961°8¢ 95" 7€°0 75°1 43K
W
4
49W X3pu| p OJAYL
L1° §5E°y 66" 9% °(Q 898°“g¢ £5° o4°0 q2°1 W
76" 01°0- sg” 8l°0 7201°g8¢ 78" 70°0 8z 1 4
Lym zi0 66° S0 9961 ‘8¢ FA Z£°0 5 1 43H
W
4
43W UC_CO.T»:u_UOmmL 13
© 7 D 4 4p o | 4p
1531 (YAONY) NO!LJWY¥IINI (YAONY) SNY3W %3009 X3S 431IWevd
MNvY 3WIL SA dNOY¥3

N33Mi39 3JIN3IY344iq

NOILYWYO4SNYYL

308

SR

* e




2
e
1
£9° 64°0 gL- 8171 L6615 46" 00°0 L TA W
91" £r°1 90" yeE-1 £/11°18 #0* 684 8z°1 4
9L” Hi"L 1z 9t-1 TLzec1s 61° LA 751 49 g
] 7
k. 43 UCU_NO:.O Lu
3 4% Asoqeadsay :
w zL* gt-o gy 66°0  SE01°1S £3;- 590 y7*1 W 3
- or° 89°1 1z L €911°15 60° 66°Z 8z 1 4 N
3 . 6z° €071 z9° 2670 00£Z°15 qi° 62°2 75°1 43W 619 Apog 30 7
2 W weuabo| 1y Ja4 N
S F uo13o%POI4 A
42 apixoiq uoqie)y 3
4 46°0- i 99°0  4g01‘iS gy 15°0 wZ°1 W 3
3 82" 9071 T S1°1 ZETL1S 1z" £9°1 8z°1 4 3
_ 56" 99°0- 08" £8°0 814215 ol S1°0 §9°1 43W 3
3 H >
2 3 uoi1oNpolyg E
- 43 3pix01g uoque) 5
: 05° 6970 66 {21 ¥901°1S 66" 04°0 nz*1 W
3 £€9° Iy0 ye* 99°1 182115 Tk "0 8z 1 4
: sT- 1970 70" A 34 inmTits iy- 5°0 #5°1 eI
3 ] sybian 4Apog 30
- 4 weaboj1y J49d
A 43N U0 ILunsuo) uIbAxg
® 4 0 4 D ® 4 4p
1531 {VAONY) NO11IVH3IN) (VAONY) SNV3R ¥3003 x3s ¥313INVEYd

JANYY 21 L SA dNnoYd N33M139 IINIYI4I1Q NO11VHIOISNVY

R I




M LT s

, DISCUSSION

The most signlificant finding was the difference in rate of weight galn
between exposed and control males. The exposed males gained weight at a
faster rate than did the control meples. This difference In welght was not
accompanied by a difference in bone length measurements. The linear body
measurement showing the most ugreement with growth rate was chest clrcum=
ference, which may Indicate an increase in mass of the pectoral and upper
back muscles. Subjective evaluations did nct indicate a difference In
subcutaneous fat. The tentative assumption Is that the Increased weight
was primarily muscle mass,

Blood urea nltroger (BUN) was lower (P=0.05) in the exposed males;
this Is conslistent with the growth rate finding in that the higher anabolic
rate should result in less nitreon~ -gs catabolites, Serum glucose was also
lower (P=0.01) In the exposed m =, however, values for both experimental
and control groups were well within the normal range.

Gamma-glutamyl transpeptidase (GGTP) was lower In the exposed males
(P=0.06), and although consistently lower In exposed females, the differ-
ence was not significant (P=0.37). In the males the difference tended %o
Increase slightly with time while in the females the difference tended to
decrease with time. Although the blochemistry of thls enzyme has been
only partially elucidated, the empirical data cited by Rosalkl in a 1975
review (11) provides evidence that the GGTP and growth rates observed
In the present study are consistent.

Three serum enzymes (glutamic oxaloacetic transaminace, glutamic
pyruvic transaminase, and creatlie phosphokinase) were significantly dif=~
ferent (P=0.05) in the males for the day plots in the first week. In all
three cases values for the exposed males were lowar than the controls.

The significant differences did not show up In the weekly plots although
glutamic pyruvic transaminase continucd to be less in the exposed males
(P=0.14). Since the animals were restrained during the first week the
hypothesis for a (ynerglistic effect between restralnt and exposure was
tested by using tne difference during the other restralnt perlods (weeks

7, 13, 19, 25, aad 31) and comparing it with the difference immediately be-
fore the restraint periods (weeks 6, 12, 18, 24, and 30); a palred t-
statistic did not confirm the hypothesis for a synergistic effect. No er-
planation is yet available for the observed differences in these parameters.

Oxygen consumption was significantly different in the Group vs Time
Interaction, but It was caused by an equipment and procedural artifact.
Earh of the twelve systems for measuring oxygen consumption served five
unimals during the week. On Saturday the animals were transposed but the
measuring equipment was not. This was done Inten(’onally so that subtle
equipment differences would be averaged out and not show an artifactual
d) fference between means; however, this method enhanced the sensitivity
of the ANOVA interaction term to s}lght equipment differences. To counter
this artifact, these data were averaged over two successive data points
which would include both measuring systems used by a given animal. Under
these conditions the Interaction was not significant (P=0.41).
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Serum chloride in the males showed a significance (P=0.02) in the
Interaction term of the ANOVA. Regression analysis revealed a higher order
Interaction. There Is no apparent agreement between thls and the other
observations, and the higher order interaction suggests an artifact (as in
the case of oxygen consumption which was also higher order), but unlike
cxygen no artifact has yet been found.

Serum triglycerides were lower in the exposed females (P=0.06 ANOVA,
P=0.05 Rank). Resplratory quotient was also lower in the exposed females
(P=0.0L4). These differences are gqualitatively co'sistent, the lower respira-
tory quotient reflecting a higher percentage of lipids oxidized. The
explanation and meaning of these differences are at present unknown.

The differences In welght are ohviously real and there Is no chance for
an artifact In the measurements. The protocol has been examined in great
detall and not even a remotely possible reason has been advanced to account
for the experimental males being treated differently. The only reasonable
explanation, other than a fleld effect, lies in the selection process, The
animals were matched by welight, which is not necessarily the same as matching
by growth rate. It Is obviously rossible that two animals could have ident.-
cal welghts at a glven time but oe growing at a different rate. The
probability of this kind of mismatch was reduced by matching also for age,
and, as indicated in the Results sectlion, the criteria fur age estimates were
consistently applied even though the absolute values have recognized
Inaccuracles. The question hinges on the probability that In spite of these
precautions, the random selectlion process produced highly mismatched groups

of males only. The authors are unabie to quantify cuch a probabllity but are
Inclined to believe that It !s small.

Another factor to be considered Is that growth rate occupies a somewhat
unique poslition among the many parameters that were measured. Most blood
chemistry parameters are under homeosiatic contro., anw when they deviate
beyond cuertaln limlts, coriective processes are automatically set in motlion
that tend to reduce the deviation., While It is well known that many factors
affect growth rate, the existence of feedback mechanisms that would make a
high cr low growth rate self-limiting is not known. The logical extenslon
of this argument is that in response to environmental conditions, the growth

rate may be a much more labi’ 2 paramter than those parameters under rigid
homeostatic control,

The degree to which these homeostatic mechanisms are strained should
also be considered In evaluating the overall physiological significance.
For example, in(tlal appliication of a reduced oxygen environment friay be
conslidered hazardous because the homeostatic reserve is diminished but after
a perlod of adaptation the cxygen carrying capacity is Increased, the
homeostatic resz:rve Is restored, and the hazard is reduccd. In this experi-
ment a number of paiameters have been changed. in some cases It |s reasonably
sure that huireostatic mechanisms have not been stralned, but in other cases it
Is not clear. There Is no reason to believe that reduced blood urea nitrogen
Is hazardous. Reduced serum glucose could be of concern at low levels, but
the values for exposed males were well within normal range, and clinical
experience does not justify labeling this condition as hazardous. Certain
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pathological conditions have been associated with Increased levels of
gamma-glutamyl transpeptidase but not with reduced levels. For the exposed
males, therefore, Increased welght appears to be the most significant finding.

Based on statistics alone, the case for a cause and effect relationship
between the ELF field parameters used in this experiment and increased
growth rate in the males Is strong. This concluslion can be elther tempered
or enhanced by mechanistic considerations. Anatomical and endocrine involve-
ment are icgical suspects for a sex speciflic effect. One plausible hypothesis
is that the testes were In contact with the cage bars generatirg the electric
field and were thus directly stimulated to Increase the secretlon rate of
testosterone. Postural observations confirm that the animals spent consider-
able time sitting on the bars in such a way that the scrotum was in direct
contact with the bars as shown in Flgure 3. Under these conditions 1t Is ~
probable that the current density in the testes was higher than It would be
for a walking or standing posture.

A second hypothesis suggests a more generalized neuroendocrine effect
in which the hypothalamic-pituitary-gonad axis 1s stimulated by some mechan-
Ism that Is not yet known. The sexual specificity could arlse from the more
potent effect of male gonadal hormones on growth. The sexual specificity
could also be the result of difference In maturity relative to onset of
puberty at the beglinninhg of exposure. The weight of female rhesus at pu-
berty is 3.5 to 4 kg. The mean weight of the females at the beginning
of exposure was 4.9 kg. The mean weight of male rhesus at puberty Is 6 to
8 kg, The mean weight of the males at the beginning of exnosure was 6.0 kg.
The females were therefore closer to thelr maximum somatlc development at
the beginning of exposure than were the males and mev have been less sis=
ceptible to a stimulus that affects growth rate.

At the time of this report, the protocol s beiny developed to test the
flrst two hypotheses experimentally. {n general, -elght distribution vl
be studled in terms of muscle mass, fat, and body water. The ratio of
testosterone to gonadotropin will also be determined. For tte hypothesis of
direct stimulation to the testes, the level of serum testosterone and the
ratlo of testosteron: to gonadotropin should be higher in the axposed males
than In the controls., in the case of a generalizad neuroendocrine effect,
both the gonadotroupin and testosterone should be higher in the exposed males.

The autho:s believe that primates are the best animal model for extrapo-
lat.ing environmental effects to humans; however, 1t Is cbvious that a study
o¢ growth and development in the primate is a difficult task In terms of
logistics, time, and expense. An ideal experiment on growth and development
would also require matched pairs, but they should have ‘“cein bern In captivity
so that exact age and genetic history are known and can be used for matching.

The authors are not prepared to label the observed effects as elther
harmful or helpful. To be considered harmful it s only necessary that
one or more changes produce an undesirable outcome. At present that does not
appear to be the case; both groups of animals appear perfectly healthy In
both the clinical and layman's sense of the word. It is tempting to apply
the "bigger Is better' logic and say that the exposure was helpful; however,
the authors believe that such a conclusion, while providing Interesting
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speculation, Is bzsed on value judgments
‘ should not be a substitute for scientiflc
; definition of the effects and a

outside the realm of science and
research that provides a clearer
logical basis fer an overall evaluation. ’
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